The optimum conditions for sporulation and the requirement for mitosis and DNA replication during the onset of the process have been investigated in plasmodia of the CL strain of Physarum polycephalum. A 72 h period of starvation was necessary before a plasmodium became competent to sporulate on exposure to light. The plasmodium became irreversibly committed to sporulation 4 to 5 h after illumination. The commitment point was related to the time of illumination rather than the duration of starvation. Three periods of DNA synthesis were detected during the initial 24 h of starvation, but in an asporogenous derivative of the CL strain only the first two periods were detected. Inhibition of mitosis with nocodazole or of DNA synthesis with hydroxyurea prevented sporulation. Escape of plasmodia from hydroxyurea inhibition of sporulation coincided with the last detectable period of DNA synthesis, but escape from nocodazole inhibition of sporulation occurred 25 to 30 h later.
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The optimum conditions for sporulation and the requirement for mitosis and DNA replication during the onset of the process have been investigated in plasmodia of the CL strain of Physarum polycephalum. A 72 h period of starvation was necessary before a plasmodium became competent to sporulate on exposure to light. The plasmodium became irreversibly committed to sporulation 4 to 5 h after illumination. The commitment point was related to the time of illumination rather than the duration of starvation. Three periods of DNA synthesis were detected during the initial 24 h of starvation, but in an asporogenous derivative of the CL strain only the first two periods were detected. Inhibition of mitosis with nocodazole or of DNA synthesis with hydroxyurea prevented sporulation. Escape of plasmodia from hydroxyurea inhibition of sporulation coincided with the last detectable period of DNA synthesis, but escape from nocodazole inhibition of sporulation occurred 25 to 30 h later.
I N T R O D U C T I O N
Sporulation in Physarum polycephalum offers a useful system for the study of events which occur during differentiation. The organism has two vegetative phases, the uninucleate amoebae which germinate from spores and the large, multinucleate plasmodium in which as many as los nuclei -undergo DNA replication and mitosis in a synchronous manner (Guttes & Guttes, 1964; Braun et al., 1965) . The amoeba1 to plasmodial transition normally occurs after fusion of haploid amoebae carrying different alleles of the mating type loci matA and matB (Dee, 1966; Youngman et al., 1979) . The diploid heterozygous plasmodium formed then grows by nuclear division in the absence of cell division. Sporulation, whereby a typical plasmodial cell yields dozens of fruiting bodies, takes place after starvation in the dark and subsequent illumination of the plasmodium with visible light (Guttes et al., 1961; Daniel & Baldwin, 1964) . During the starvation period the plasmodium changes from a compact mass to a branched network of connected veins. After illumination, nodules appear at intervals on the veins and these quickly form pillars which thereafter develop sporangia at the apical region. The final stages of the sporulation process involve deposition of melanin pigment, cleavage of the apical cytoplasm, meiosis and spore formation (Guttes et al., 1961; Dee, 1975; . The changes associated with sporulation occur synchronously throughout the large plasmodium and this provides ample homogeneous material for biochemical studies (Sauer et al., 1969 a, b) .
An apogamic strain, Colonia or CL, has been described which carries a mutation at or near the matA locus which allows haploid amoebae to form plasmodia in clones (Cooke & Dee, 1975) . The multinucleate plasmodium of the CL strain is able to undergo sporulation, but the haploid chromosome content prevents normal meiotic divisions of the nuclei . Thus, only a fraction of the spores formed are viable and evidence has suggested that these are derived from rare diploid nuclei, contained in the generally haploid plasmodium, which undergo meiosis normally (Lamer & Dove, 1977) . The CL strain will 1490 A. CHAPMAN AND J . G . C O O T E express recessive mutations in the plasmodia1 phase (Cooke & Dee, 1975) and is therefore ideal for an examination of mutations which interfere with sporulation.
Previous work assessed the requirements for sporulation in the heterothallic diploid strain M,C (Daniel & Rusch, 1962a, b; Sauer et al., 1969a, b) . A recent report of work with a homozygous diploid variant of the apogamic CL strain suggested that plasmodia release cellular products into the medium during starvation which promote sporulation (Wilkins & Reynolds, 1979) . We have attempted to define the optimum conditions for sporulation in the CL strain and have examined the requirement for DNA replication and mitosis during the onset of the process.
M E T H O D S Organism. The Colonia Leicester (CL) strain was used. It was supplied by T. Lamer (McArdle Laboratory for Cancer Research, Madison, Wisconsin, U.S.A.) as a strain which sporulated consistently well. After SpOrUlatiOn Of a plasmodium only about 0.6% of the spores were routinely able to germinate, compared with about 80% spore viability obtained after sporulation of a diploid plasmodium. Low spore viability is characteristic of the CL strain (Lamer & Dove, 1977) .
Media. Growth medium (GM) was adapted from Daniel & Baldwin (1964) Growth and sporulation. Physarum polycephalum was grown at 24 OC as 20 ml shaken suspensions of microplasmodia in dimpled 250 ml flasks. Subcultures were routinely made every 72 h (late-exponential phase of growth) and only microplasmodia which had been growing exponentially for at least 12 generations were used for sporulation experiments. Growth was assayed by measurement of extracted pigment (Daniel & Baldwin, 1964; Dee & Poulter, 1970) . A 1 ml sample of microplasmodia was centrifuged (500 g, 2 min), the pellet washed with water and the pigment extracted with 10 ml TCA/acetone (8 ml 100% (w/v) trichloroacetic acid, 92 ml acetone, 100 ml distilled water) at room temperature for 10 min. After centrifugation at 1000 g for 5 min, the of the supernatant was measured. The amount of pigment produced was proportional to the amount of protein present in the microplasmodia throughout the growth cycle. The organism was stored at 4 OC either as amoebae on liver infusion agar (Cooke & Dee, 1975) or as spherules, which develop spontaneously from microplasmodia in aged growth cultures (Daniel & Baldwin, 1964) .
To obtain sporulation a 5.0 ml sample of microplasmodia was centrifuged at 500 g for 2 min, and the microplasmodia were resuspended in a volume of distilled water equal to that of the packed microplasmodia. The suspension was then pipetted in a circle on to a filter paper (Whatman no. 50) supported on a wire grid in a 9 cm glass Petri dish. Enough SM (about 20 ml) was introduced beneath the filter to soak the paper, but not flood the surface. After a 72 h period of starvation in the dark at 24 OC, fruiting was initiated by a 30 min exposure to 8 W cool white fluorescent lights, placed 15 to 20cm from the starved plasmodium. During illumination the temperature in the incubator was automatically lowered to 21 OC to compensate for any local heating effects from the lights. Fruiting body formation was completed within 24 h following illumination. An alternative procedure involved the introduction of GM beneath the filter paper after addition of microplasmodia. The organism was then grown in the dark as a plasmodium for 24 h before the filter was removed to another grid and underlaid with SM.
DNA synthesis in plasmodia. Small pieces (1 cm square approximately) were cut at intervals from a filter paper supporting either a growing or a starving plasmodium. Each piece was transferred to a wire grid in a Petri dish containing either GM or SM with added [rnethyl-3Hlthymidine [O-2 pCi ml-' (7.4 kBq ml-I); 47 Ci mmol-' (1.74 TBq mmol-I); from Amersham] and incubated at 24 OC for 30 min. It was then put into 20 ml cold TCA/acetone for 10 min which removed all the pigment from the section of plasmodium. After centrifugation (1000 g, 5 min) the A,, of the supernatant was noted and used to estimate the amount of material collected in order to standardize the radioactivity incorporated into each sample. The precipitate was washed twice in 0.25 M perchloric acid containing thymidine (100 pg ml-') and finally solubilized in 2 mlO.4 M NaOH. The radioactivity in 1 ml of the sample was counted in a Packard Tri-Carb 300C scintillation counter.
Inhibitors. Nocodazole, hydroxyurea, cytosine-l-/h-arabinofuranoside (Ara-C) were obtained from Sigma. A stock solution (5 mg m1-I) of nocodazole was prepared in dimethylsulphoxide and stored at -20 OC. It was diluted in media to the required final concentration and the small amount of organic solvent added had no effect on the organism. Other inhibitors were added directly to media to the required concentration immediately before use.
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R E S U L T S
Sporulation capacity of microplasmodia When standard 5 ml volumes of microplasmodia were removed at different points in the growth cycle and subjected to starvation, only those collected towards the end of exponential growth produced a plasmodium able to sporulate (Table 1) . Microplasmodia taken earlier in the exponential phase were unable to sporulate if exposed directly to SM, but renewed growth as a plasmodium on the filter paper for 24 h prior to starvation allowed the sporulation potential to be expressed. This observation suggested that the amount of microplasmodia used might be an important factor. Accordingly, the volume of culture harvested at intervals during the growth cycle was varied in order to test sporulation capacity with a standard amount of microplasmodia at each stage. Again, however, only microplasmodia taken at the Table 1 . Sporulation capacity of microplasmodia during the growth cycle Samples of microplasmodia were collected at the times shown, distributed on filter papers and either exposed to SM directly or allowed to grow on the filter paper in the presence of GM for 24 h before exposure to SM (see Methods). Fruiting was initiated by illumination for 30 min after a 72 h period of starvation in the dark. Sporulation frequency is the total number of plasmodia which sporulated per number tested. The figures in parentheses are the number of plasmodia which had sporulated 24 h after illumination. 
Effect of alteration of starvation conditions on sporulation
Samples of microplasmodia were collected at the end of exponential growth, transferred to filter papers and exposed directly to starvation medium (SM). For transfer to fresh SM during starvation, filters were transferred first to a grid underlaid with SM as a washing step and then to another grid with fresh SM. Illumination was given after 72 h starvation in the dark and sporulation frequency assessed 24 h later. Table 3 
. Sporulation frequency under different illumination conditions
In part A, 44 plasmodia were prepared from microplasmodia collected at the end of exponential growth and exposed directly to SM. The Petri dishes were wrapped in aluminium foil and incubated in the dark. At each time interval four cultures were removed from the foil, illuminated for 30 min, rewrapped in foil and incubation continued. Sporulation frequency was noted at 24 h intervals thereafter.
In part B, in each experiment 10 plasmodia were each given five 30 min periods of illumination at the times indicated during starvation. The figures in parentheses are the number out of each set of 10 plasmodia which had newly sporulated 24 h after the point of illumination.
A.
Starvation ( point of maximum growth sporulated when exposed directly to SM, but as before microplasmodia grown for 24 h on the filter paper prior to starvation had a much wider capacity for sporulation with regard to their origin in the growth cycle (Table 1) . Sporulation in microplasmodia exposed directly to SM was most rapidly achieved in those harvested at the end of growth. Those collected later in the stationary phase did eventually sporulate, but formation of sporangia was delayed for at least 24 h (Table 1) . Microplasmodia taken at the end of exponential growth (when sporulation potential was at its greatest) were unaffected by variation of the ratio of medium volume to plasmodial mass, except to form a greater number of fruiting bodies with increased plasmodial mass ( Table 2 ). In addition, no effect on sporulation potential was observed if plasmodia were successively transferred to fresh SM at intervals during the starvation phase.
Optimum starvation and illumination conditions
Several reports had indicated that microplasmodia, after harvesting from liquid medium, needed a period of between 2 and 6 h to fuse or coalesce into a plasmodium before addition of SM (Daniel & Rusch, 1962a; Daniel & Baldwin, 1964; Sauer et al., 1969a; Wilkins & Reynolds, 1979) . We were anxious to reduce this period of fusion in the absence of medium, so as to relate the initiation of starvation more closely to the time of addition of SM. Samples of microplasmodia from late-exponential phase was collected, distributed on filter papers and allowed to fuse for various lengths of time before addition of SM. The shortest period was simply the time between placing the microplasmodia on the filter and underlaying the grid with SM (about 2 min). In separate samples the period of fusion was increased to 15, 30, 60, 120 and 180 min. After starvation and illumination, sporangia formed equally well in all the samples tested, indicating that a prolonged period of fusion prior to addition of SM was unnecessary for successful sporulation.
The duration of starvation and its effect on the sporulation capacity of plasmodia was examined in two ways. First, several plasmodia were starved in the dark and at intervals four were removed, exposed to a single 30 min period of illumination and each batch then returned to the dark. Second, several plasmodia were all illuminated for 30 min periods at 24 h intervals during starvation. The first procedure, where a plasmodium only received one period of illumination, indicated that a minimum of 72 h starvation in the dark was necessary to ensure sporulation in all plasmodia (Table 3) . If, however, light pulses were given at intervals during starvation, then some cultures sporulated earlier than others. In one instance 2 out of €0 plasmodia sporulated after illumination at 36 h ( Table 3 ). The asynchrony in fruiting body formation produced by periodic illumination was less satisfactory than allowing all cultures to become competent for morphogenesis by starvation for 72 h in the dark and then initiating the process synchronously on illumination. The optimum period of 72 h starvation was confirmed in a separate experiment where 40 plasmodia were illuminated for 30 rnin after 72 h starvation in the dark. All sporulated within 24 h. It should be noted that extended starvation in the dark, €20 h or longer before illumination, prevented sporulation (Table 3) . On occasion it was noticed that starved plasmodia would sporulate after only the briefest exposure to room light, but illumination was nevertheless an absolute requirement for sporulation as plasmodia kept continuously in the dark failed to sporulate. Previous work used illumination periods of 2 to 4 h (Daniel & Rusch, 1962a; Daniel & Baldwin, 1964; Sauer et al., €969a) , but in our experiments light pulses of as little as 5 rnin were sufficient to promote sporulation (5 out of 5 plasmodia sporulated in each case when exposed to 5 , € 5 or 30 rnin periods of illumination after 72 h starvation in the dark). An illumination period of 30 rnin was used routinely.
Commitment to sporulation
Refeeding starving plasmodia with fresh growth medium or with SM supplemented with D-glucose (1 %, w/v) showed that plasmodia became irreversibly committed to sporulate between 4 and 5 h after illumination (Fig. l) , although plasmodia illuminated at 72 h escaped glucose inhibition of sporulation slightly earlier than those supplied with the richer GM medium. Up to the point of commitment the plasmodia would resume growth. The point of no return was related to the time of illumination rather than the duration of starvation, as altering the length of the starvation period had little effect on the time needed for commitment after illumination. In separate experiments it was found that refeeding plasmodia at 48 h or 73 h starvation (illumination given at 72 h) with SM supplemented with L-glutamic acid (0-34%, w/v) also prevented sporulation. L-Glutamine (0-3 5 %, w/v) delayed fruiting body formation by about 24 h and some sporangia had abnormal morphology. Refeeding plasmodia with (NH,),SO, (0.26 %, w/v) had no effect on sporulation.
DNA synthesis and mitosis during sporulation It was reported that in the M,C strain of P. polycephalum the nuclear division cycle continued during starvation, but at lengthened intervals (Guttes et al., 1961) . We wanted to assess the importance of continued DNA replication and mitosis during starvation for sporulation in the CL strain. The benzimidazole derivative nocodazole, an anti-tubulin drug, interferes with mitosis and will prevent the assembly in vitro of microtubule protein from P. polycephalum amoebae (Quinlan et al., 1981) . This drug and hydroxyurea, an inhibitor of DNA replication, prevented the growth of microplasmodia (Fig. 2) . Ara-C was also examined as a potential inhibitor of DNA replication, but it had little effect on microplasmodial growth (Fig. 2) .
The effect of each drug on DNA synthesis was assessed in a growing plasmodium where mitosis is naturally synchronous and DNA is replicated during an S phase, lasting 2 to 3 h, which starts immediately after the mitotic divisions of the nuclei (Nygaard et al., 1960) . In the growing CL plasmodium the interval between rounds of DNA replication was approximately 8 h (Fig. 3 a) . Hydroxyurea, at the concentration which prevented growth of microplasmodia, abolished the peak of DNA synthesis in the surface plasmodium, whereas nocodazole at the growth inhibitory concentration had no effect (Fig. 3b) . Ara-C also had no effect on the pattern of DNA synthesis.
Addition of nocodazole (20 pg ml-l) or hydroxyurea (500 pg ml-') to SM prevented sporulation, but if the drugs were added at intervals during starvation, the plasmodia began to escape the inhibitory effect on sporulation (Table 4) . Although there was some variation in escape time of plasmodia prepared on different days, the escape from hydroxyurea inhibition of sporulation was essentially complete between 24 and 48 h whereas escape from nocodazole inhibition was more delayed and not apparently complete until about 55 h into starvation. Fig. 3 . DNA synthesis in growing plasmodia. (a) Pieces of a plasmodium, which had been grown for 24 h on a filter paper in the presence of GM, were cut out at intervals and transferred to fresh GM containing [methyl-3Hlthymidine (0-2 pCi ml-I). Each point represents incorporation of radioactivity into one piece of plasmodium over a 30 min period; incorporation was monitored as described in Methods. Addition of uridine (100 pg ml-') to the GM containing [methyl-3Hlthymidine had no effect on incorporation. (b) In a separate experiment two pieces of a plasmodium were removed at each time interval; one was transferred to GM containing [n~ethyl-~HIthymidine (a) and the other to the same medium containing hydroxyurea (500 pg ml-I) in addition (0). In other experiments a similar pattern of uptake to the control was obtained if either Ara-C (500 pg ml-I) or nocodazole (20 pg ml-I) were included in the medium with radioactive thymidine.
Table 4. Effect of inhibitors of DNA synthesis and mitosis on sporulation
Plasmodia were prepared from microplasmodia collected at the end of exponential growth, exposed directly to SM and incubated in the dark. At the times indicated some plasmodia were transferred to another dish of SM containing either nocodazole (20 pg ml-') or hydroxyurea (500 pg ml-l). All plasmodia were illuminated after 72 h starvation and sporulation frequency assessed 24 h later. The figures represent the combined results of four experiments; in two of these the two drugs were examined in parallel. Three periods of DNA synthesis were detected during starvation (Fig. 4) . The data in Fig.  4 represent the results obtained from typical experiments with the CL strain sporulating normally, together with those obtained from an asporogenous derivative which is discussed more fully in the next section. In the wild-type the first peak of DNA synthesis occurred 3 to 4 h after exposure of the plasmodium to SM, the second between 13 and 15 h and the third between 21 and 24 h. No further peaks of DNA synthesis were detected up to 72 h. This is in agreement with the observation that plasmodia began to escape hydroxyurea inhibition of 1496
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Time (h) during starvation Fig. 4 . DNA synthesis in starving plasmodia. Plasmodia were prepared from microplasmodia collected at the end of exponential growth, exposed directly to SM and incubated in the dark. Pieces of a plasmodium were cut out at intervals and transferred to fresh SM containing lmeth~~f-3Hlthymidine (0.2 pCi ml-I). Each point represents incorporation of radioactivity over a 30 min period (see Methods); (a), (b) and (c) represent the results obtained from separate plasmodia prepared on different days from different cultures of microplasmodia. The small amount of each surface plasmodium remaining after the removal of pieces for monitoring DNA synthesis was illuminated at 72 h and the sporulation capacity of the plasmodium noted during the following 24 h. 0 , C L sporulating normally; 0 , asporogenous derivative of the CL strain. . DNA synthesis in separate plasmodia prepared from the same culture of microplasmodia. Two plasmodia were prepared from a single culture of microplasmodia collected at the end of exponential growth. DNA synthesis was monitored in pieces of each plasmodium during starvation at the times indicated as described in the legend to Fig. 4 . The remainder of each plasmodium sporulated after illumination at 72 h.
sporulation after about 24 h in SM (Table 4) . In surface plasmodia derived from different liquid cultures of microplasmodia there was generally a slight variation in the times at which the periods of DNA synthesis began during starvation. However, in separate plasmodia prepared at the same time from a single population of microplasmodia, the onset of DNA synthesis occurred in almost perfect synchrony, even at the third round of replication during the starvation period (Fig. 5) . Mitotic synchrony in growing plasmodia was noted previously by Guttes et al. (1961) who observed that in individual plasmodia prepared from a single culture of microplasmodia, the onset of the first mitosis did not vary by more than 5 min. * Normal additions to SM (see Methods).
Finally, it was clear that successful completion of mitosis was necessary to ensure a subsequent round of D N A synthesis during starvation. Thus, for example, transfer of a starving plasmodium at 19 h to SM supplemented with nocodazole (20 pg ml-l) abolished the third period of DNA synthesis (Fig. 6) .
Maintenance of sporu la t ion capacity It is known that P. polycephalum loses the ability to sporulate after a long period of vegetative growth by serial transfer in liquid medium (Daniel & Baldwin, 1964) . Subculture of the CL strain for longer than 6 to 9 months promoted a loss in the sporulation potential of the rnicroplasmodia. This was manifest initially by the requirement for a longer period of starvation in the dark before illumination was able to promote sporulation, and even then successful sporulation was not necessarily achieved in all plasmodia (Table 5) . It was
reported that sporulation in strain M,C was dependent upon the addition of nicotinamide to the starvation medium (Daniel & Rusch, 1962b) . Plasmodia of CL, however, were able to sporulate in its absence, but the reduced sporulation capacity of the continuously subcultured microplasmodia could be marginally improved by increasing the normal levels of nicotinamide and CaCO, in the SM medium (Table 5) .
Escape from nocodazole inhibition of sporulation was examined in subculture B (Table 5 ) which was beginning to lose sporulation capacity. In an experiment similar to that presented in Table 4 plasmodia were transferred at intervals during starvation to SM containing nocodazole (20 pg ml-I). All plasmodia were illuminated for 30 min at 72 h and 96 h and the sporulation frequency noted after each period of illumination. In plasmodia not exposed to nocodazole none sporulated after illumination at 72 h, but all did so after illumination at 96 h. Induction of fruiting was therefore delayed by comparison with the normal behaviour of CL (Table 3) . Similarly, escape from nocodazole inhibition of sporulation did not occur until between 72 and 90 h of starvation, some 17 to 35 h later than the escape time normally exhibited (Table 4) . Subsequently, when subculture B became fully asporogenous, the DNA synthesis during starvation was examined (Fig. 4) . Comparison of the pattern of DNA synthesis in the normal CL strain with that of the asporogenous variant shows that the first two peaks of DNA synthesis, at 3 to 4 h and 13 to 15 h of starvation, occurred in both strains to a similar extent, but that the third round of DNA synthesis at 21 to 24 h was not detectable in the asporogenous strain. This difference in the extent of DNA synthesis at the third replication was found in two further experiments.
D I S C U S S I O N
The capacity of CL microplasmodia to produce a surface plasmodium capable of sporulation was only exhibited at the end of exponential growth, if the plasmodium was exposed directly to starvation. However, sporulation potential could be promoted in CL microplasmodia taken at other stages of the growth cycle if growth continued as a surface plasmodium prior to starvation. Supplementary growth of the organism as a plasmodium prior to starvation, although not used routinely here, is useful experimentally for several reasons. It does not require microplasmodia to be collected during a restricted period of the growth cycle; larger amounts of material are available because of an increase in plasmodial mass during the 24 h incubation prior to starvation; starvation can be initiated at a known point in the cell cycle, if this should be required, as a consequence of the synchrony of cell cycle events in the plasmodium.
It was reported by Wilkins & Reynolds (1979) that plasmodia of a diploid variant of CL, constructed by heat shock of the haploid CL strain during plasmodial mitosis (Lamer & Dove, 1977) , released into the medium substances essential for the induction of sporulation. They found that if a 4 h period of illumination was given, starting about 50 h into starvation, then for a given volume of SM, larger plasmodia developed sporulation capacity sooner, while increasing the medium volume for a fixed plasmodial mass apparently reduced sporulation. Successive transfers to fresh SM during starvation significantly reduced sporulation. We found that a minimum period of 72 h starvation was necessary before illumination would promote sporulation in all plasmodia. Under these conditions no effect on sporulation capacity was found if the plasmodial mass to medium volume was varied or if the SM was replaced at 24 h intervals during the 72 h starvation period. In individual plasmodia it was clear that some could attain much earlier than others the condition whereby they would subsequently sporulate if exposed to light, but our results are not consistent with the suggestion that this state of competence for morphogenesis is promoted by the release of cellular products into the medium. The asynchrony in the start of each round of DNA synthesis observed in plasmodia derived from separate cultures of microplasmodia might presumably account for the observation that some plasmodia were able to respond to light Sporulation competence in Physarum 1499 and sporulate much earlier than others if illumination was given at regular intervals during starvation.
Starvation and light must promote different metabolic changes within the cell. The former acts to prime the cell so that it is competent to initiate fruiting in response to light. The latter phase, consisting of sporangium formation, will not occur if competent plasmodia are kept in the dark. Once achieved, plasmodia can maintain the competent state for at least 24 h, after which the plasmodium degenerates and will not sporulate if illuminated. The distinction between the creation of conditions within the plasmodium which will allow it to respond to light, and the events of morphogenesis which occur after illumination, was demonstrated by the fact that the point of commitment to fruiting body formation, when cells would no longer revert to growth if resupplied with fresh growth medium, consistently occurred 4 to 5 h after illumination even when the starvation period was varied from 70 to 75 h.
The metabolic events that govern the achievement of the competent state in the plasmodium are not clear. There was a previously reported requirement for nicotinamide (Daniel & Rusch, 1962b) , but in strain CL we found this requirement to be dispensable, as did Wilkins & Reynolds (1979) . During starvation of the M,C strain there was a considerable fall in the DNA, RNA and protein content of the plasmodium (Daniel, 1966; Sauer et al., 1970; Melera & Hession, 1981) . Nuclei were reported to continue to undergo mitosis, but the number of nuclei per unit volume did not increase because of nuclear degeneration (Guttes et al., 196 1). Sauer et al. (1969 a ) reported that DNA replication occurred late in starvation, but we failed to detect a peak of DNA synthesis after about 24 h, some 48 h before the plasmodia became competent to respond to illumination. Escape from hydroxyurea inhibition of sporulation also occurred at about this time. The possibility that plasmodia became less permeable to radiolabel and inhibitors as starvation progressed cannot be eliminated, but it would seem unlikely as the basal level of [methyL3H] thymidine incorporation into acid-insoluble material did not decrease throughout starvation. In addition, exogenous glucose prevented sporulation if added at any time up to 79 h, and Sauer et al. (1969 a) only detected a decrease in [ 1 4 C ] g l~~~~e uptake by M,C plasmodia after illumination. After the onset of starvation three rounds of DNA synthesis occurred with a normal 8 to 10 h G2 period between them. Mitosis was assumed to take place before each period of DNA synthesis as no G1 phase has been observed either during growth (Nygaard et al., 1960) or starvation of plasmodia (Guttes & Guttes, 1961; Mohberg & Rusch, 1971) . Although this was not confirmed by direct microscopic examination, transfer of a starving plasmodium to SM containing the mitotic inhibitor nocodazole prevented any subsequent round of DNA replication. The first mitosis and DNA replication after only 3 to 4 h would represent the arithmetic average for an asynchronous culture of microplasmodia with an 8 h doubling time if the non-uniform distribution of stages in the cell cycle of individual microplasmodia is taken into account (Holt, 1980) . After the third round of DNA synthesis the starving plasmodium entered an extended G2 period from which the capacity to sporulate after illumination was attained some 48 h later.
The escape of plasmodia from inhibition of sporulation by hydroxyurea and nocodazole were not coincident. Plasmodia only escaped nocodazole inhibition some 17 h prior to illumination or between 25 and 30 h after the completion of the last detectable round of DNA replication. These observations might suggest that there was a final mitosis, necessary for sporulation, which differed from previous mitoses in having occurred after an extended interphase period and which was not then followed by a round of DNA replication. Alternatively, the late escape from nocodazole inhibition may reflect the involvement of microtubules in processes necesssary for morphogenesis which are not concerned with mitosis. Although non-specific effects of nocodazole on sporulation cannot be ruled out, the mode of action of the drug seems to be restricted to the microtubule system in P. polycephalum (Quinlan et al., 1981) . If a mitotic division of the nuclei, unaccompanied by DNA replication, occurred about halfway through the extended G2 period following the third
